Strata of the Middle Miocene Balikpapan Formation from the Lower Kutai basin are well exposed in a section near the Samarinda city, East Kalimantan, Indonesia. The succession is characterized by thick sandstone bodies alternating with shales and coal beds. A 250 m thick composite section of exposed sediments (not including the soil interval) was measured, from which 25 coal samples were collected. Petrographic, microlithotype, and maceral analyses were performed in order to determine the depositional environment of the Samarinda coals. In order to assess the development of paleomires, coal facies diagrams were obtained from microlithotype and maceral composition. According to the organic petrologic results, the Samarinda coals represent a highly degraded humodetrinite-rich group deposited from terrestrial into telmatic condition of peat formation with vegetation characteristics of highly degraded woody forest type evolved under alternate oxic to anoxic moor conditions. These formed with intermittent moderate to high flooding as the paleopeat environment shifted from mesotrophic to ombrotrophic.
Introduction
The Kutai basin is the largest Tertiary basin in Western Indonesia. Deltaic sedimentation has been continuous in the Kutai basin from Late Oligocene to the present day as represented by the modern Mahakam delta and upstream in the continent [1] . There is a structural deepening of formations in the basin to the east to the Mahakam area, where hydrocarbon fields are situated ( Figure 1) .
A composite log of 250 m (not including the soil interval) of exposed sediments of the Balikpapan formation was made on August 6 to 13, 2012. The sediments and coal were examined at 10 sites and the locations of which within the study area are shown in (Figure 1 ). This section has been previously investigated by Cibaj, 2010 and Cibaj et al., 2007 [1, 2] . They showed Middle Miocene Seravallian age (NN5 to NN11 nanoplankton zones). The purpose of the present study is to assess the organic petrology and the interpretation of coal facies and depositional environment of coals of the Samarinda area, Lower Kutai basin, Indonesia.
In the study of coals, maceral analysis and microlithotype analysis are used to assess the environment of deposition when paleobotanical data are scarce or absent. This implementation of maceral ratios such as the Vegetation Index and Ground water Index tried to overcome this hurdle, but this approach has not been well correlated through the study of highly degraded younger tropical coal with high humodetrinite. What does the petrographic composition of these younger tropical coals convey to us? A simple modification of GWI-VI diagram of Calder et al., 1991 [3] and poor correlation of interpretation of coal depositional milieus of peat formation based on microlithotype composition alone are illustrated in this paper. In this study, the recommended definition of Gore, 1983 [4] and Moore, 1987 [5] is followed for the terms which are used in the wetland ecosystem. The most fundamental distinction of mire type is based on hydrology, specially the source of water and ions. Rheotrophic mires receive recharge from both groundwater and rainfall, whereas ombrotrophic mires are solely rain-fed. The term minerotrophic, which refers to a mineral-rich ground water source, is loosely analogous to rheotrophic. An intermediate classification of mesotrophic applies to mires tending toward ombrotrophic conditions. Ombrotrophic mires are termed bogs; rheotrophic mires can be subdivided into fen or bog; fen and swamp are further defined on the basis of vegetation.
Limnic is a condition of peat formation occurring on or in deep water by free-floating or deeply rooted plants and telmatic is a process of peat formation at the water table due to plants growing under conditions of periodic flooding whereas terrestrial means peat formation above the general water table.
Regional Geology and Coals of the Kutai Basin
The Early Paleogene rifting along the margins of Sundaland, which is a back arc setting of the Indian Ocean plate, resulted in a number of shallow basins [6, 7] . Friederich et al., 1999 [8] have worked out, in detail, the coal bearing sequences of Indonesia. Eastern Kalimantan is one of the major coal basins in Indonesia having economic coal deposits where the thickest coal seams are attributed to high stand system tracts (HST) and transgressive system tracts (TST) which contributed to their optimum preservation potential, Davis et al., 2007 [9] . According to Longley, 1997 [10] , three major episodes of peat formation took place within Tertiary of Indonesia. The first episode took place during Early-to-Middle Eocene. This resulted in the rifting in Java, Kalimantan, and Sulawesi. The second episode began in the Late Oligocene in Sumatra and Java. This episode was associated with thermal subsidence Advances in Geology 3 and transgression. The third episode occurred during global high stand of Middle Miocene and extended by Late Miocene to Pleistocene times over the whole region. This episode is marked by the development of major prograding deltas all along their margins. This can be seen in Kutai basin in the Southeast Kalimantan (Figure 1 ).
Coal rank in the Kutai basin is low to moderate, ranging from lignite to high-volatile bituminous, the latter described as bright and lustrous. Vitrinite reflectance of shallow coal from coal mining areas is typically 0.45 to 0.63% [11] . This is higher than other Indonesian coal basins. In the study area in Samarinda, identified reserves of high-volatile bituminous and subbituminous coals from Loa Kulu and Loa Haur are 35 million tons, but these reserves are in scattered small areas. In the Badak Syncline there are 428 million tons of reserves in 14 seams, mostly of subbituminous rank coal [12] .
Materials and Methods
Rock units of Middle Miocene are well exposed in a section near Samarinda City, East Kalimantan, Indonesia. This stratigraphic section is a part of the Samarinda Anticlinorium and located between Separi Anticline and Prangat Thrust. The outcrops constituting the section are currently easily accessible and are situated close to the main road to Samarinda, near and around the new stadium built in 2007. There are about nineteen coal seams in this log and coal samples were collected from all coal bearing intervals of the surface exposures and represent all seams from the base to the top of the section. The macroscopic appearance of the coal was determined using the lithotype classification system from Diessel, 1992 [13] . From each exposed locations of the Samarinda area, about 2 kg of coal samples were collected. They were crushed, to reduce in quantity to prepare composite samples. These samples were then subjected to petrographic analyses. The samples were crushed to −20 mesh size and were embedded in a plastic mold (diameter 3 cm) using epoxy resin as an embedding medium. After hardening, the samples were ground and polished for petrographic analysis. The sample preparation and microscopic examination generally followed the procedures described by Taylor et al., 1998 [14] .
For the microlithotype analysis, more than 200 points with a distance of 1 mm were counted and the methodology given by Stach, 1982 [15] , was followed.
Vitrinite reflectance measurement was performed on a Zeiss universal microscope equipped with SF photomultiplier. Thirty readings of random vitrinite reflectance were taken on each sample at a wavelength of 546 nm. Reflectance was measured on huminite macerals. The mean random vitrinite reflectance values were then calculated using a computer program.
During maceral analysis, 500 points with a minimum distance of 0.2 mm between each point were counted on each polished sample. The analysis was conducted in reflected white light and in fluorescence irradiated by blue/violet light under oil immersion using a Zeiss Axioplan microscope.
Coal rank determination and maceral classification followed Taylor et al., 1998 [14] . Mineral matter was only divided into two groups, pyrite and other minerals, since other minerals, such as clay minerals, quartz, or carbonate, were only found in very small amounts.
Results and Discussions

Macroscopic Appearance of the Coals (Lithotypes).
The coal seams in the studied stratigraphic section are generally dipping to the east (amount 30-45 degree). Most of the coal seams are predominantly composed of the bright coal and banded bright coal lithotypes. In the vertical section, only the lower-half part contains dull bands and gradually changes into banded bright coal and bright coal to the upper part. Cleats are best developed and most continuous in bright coal bands but are poorly expressed in dull coals. The megascopic characteristics of coal samples along with their location and details of the coal seams are summarized in Table 1 .
Maceral
Composition. The maceral analysis shows that almost all coals are dominated by huminite; liptinite and inertinite group macerals are less abundant. The total liptinite content varies between 0 vol.% and 28.7 vol.%, while total inertinite ranges from 1.9 vol.% to 25 vol.%. The huminite content, however, is substantially high and varies between 46.3 vol.% and 97 vol.%. Minerals are found (0-25.2 vol.%); most of them are pyrite. Table 2 shows the maceral composition of each seam. The huminite is dominated by humodetrinite mainly represented by attrinite with 52.2 vol.% to 94.6 vol.%, while densinite occurs in small quantity.
Humotelinite is mainly represented by ulminite, while textinite is absent. Humocollinite is, however, low in concentration and constitutes corpohuminite. In general, huminite is present in two forms, huminite bands and huminite groundmass. The huminite bands not only are formed by humotelinite macerals, but also in many cases are formed by thick layers of humodetrinite that are interbedded with ulminite layers. Humodetrinite is present mostly as groundmass surrounding liptinite or inertinite particles. Humocollinite is disseminated throughout the coals mostly as corpohuminite of globular or tabular shape.
Though having less concentration of liptinite, only one sample (Seam 10) has a high liptinite content 28.7 vol.%. The common liptinite macerals in the coals are sporinite, cutinite, resinite, alginite, and suberinite. Cutinite content is 0.0 vol.% to 5.8 vol.% and sporinite is found only in small amount. Resinite occurs in 0.0 vol.% to 15.35 vol.%.
The maximum content of resinite is also found in Seam 10. Resinite macerals in the studied coal appear mostly as isolated small globular bodies, but some small resinite layers also occur. Under fluorescence they have pale-brownish-yellow colour. Occasionally some resinite bodies appear as groups in distinct layers. Resinite macerals are commonly associated with humodetrinite, and alginites were found only in trace amounts of 0.4-1 vol.% in some samples. Alginite has very intense yellow fluorescence colour.
The suberinite appears as cell wall tissue and shows well preserved cortical cells and is characterized by dark colour in reflected light and a greenish to pale yellow in fluorescent 4 Advances in Geology Table 3 . Maximum vitrinite reflectance (300 counts on each sample) was measured on ulminite and gave a range of 0.3 to 0.5, corresponding to lignite to subbituminous coal in the ASTM coal classification system.
Coal Microfacies.
The petrographic composition of the coal has been studied in detail, in order to obtain a microfacies classification and to deduce palaeoenvironments during peat deposition. The percentages of the three maceral groups, huminite, inertinite, and liptinite, have been plotted in ternary diagrams (mineral-matter-free) for all coal seams ( Figure 4 ) in order to provide the most basic information on coal deposition.
Based on these diagrams, most of the coals are with high content of huminite and low contents of inertinite and liptinite. The percentage of huminite is around 70 vol.% and greater than 70 vol.% mmf and that of inertinite is usually around 10 or less than 10 vol.% mmf and liptinite is less than 25 vol.% mmf. Most of the studied coals fall into this type ( Figure 4) .
We have another two samples with huminite content greater than 75 vol.% mmf, liptinite content less than 10 vol.%, and an inertinite content between 10 and 30 vol.%. Only two coal samples from Seam 16 and Seam 18 fall into this category.
Only one studied sample from Seam 10 describes coals with huminite contents lower than 50 vol.%, less than 30 vol.% liptinite, and inertinite content between 20 and 20 vol.%.
All of those coals are usually characterized by liptinite contents of less than 25% mmf except Seam 10 which contains Advances in Geology Table 2 : Petrographic data (maceral) analysis of coal samples from the studied area, Ul = ulminite, Den = sensinite, Cor = corpohuminite, At = attrinite, Sp = sporinite, Cu = cutinite, Re = resinite, Al = alginite, Su = suberinite, Fu = fusinite, Sfu = semifusinite, Fun = funginite, In = inertodetrinite, Py = pyrite, and Other = other minerals. less than 30%. The petrological composition of coal seams is a key to understand the evolution of peat-forming depositional environments [3, [19] [20] [21] [22] [23] [24] [25] [26] and many others. However, the reconstruction and interpretation of Samarinda coals cannot be solely based on coal facies change (I-III), as most coals were grouped as Group I. In contrast, most of the Samarinda coals contain high content of huminite and low contents of inertinite and liptinite as huminite is around 70 vol.% and greater than 70 vol.% mmf, inertinite is usually around 10 or less than 10 vol.% mmf and liptinite is less than 25 vol.% mmf (except Seam 10, Seam 17 and Seam 18 of facies II and III). Samarinda coals are represented by the humodetrinite-rich group. Humodetrinite is derived mainly from easily decomposable (lignin-poor and cellulose-rich) herbaceous plants and from angiospermous woods [22] . Large amounts of detrovitrinite (the counterpart of humodetrinite in high rank coal) indicate a high degree of cell-tissue destruction.
Some parts with high degree of plant tissue destruction are accompanied by relatively high inertinite content (e.g., see in Seam 10, Seam 17, and 18 of facies II and III). The samples of Seam 10, Seam 17, and Seam 18 have more higher inertinite content in comparison with other seams and contain abundant funginite bodies which are associated with humodetrinite, semifusinite, and inertodetrinite (see in Table 2 ).
The maceral analysis which is done on one seam (Seam 16) from base to top shows that the content of inertinite is relatively higher from the base to the top of the seam ( Figure 5 ). The top section of a domed peat can also be characterized by inertinite, mainly fusinite. The petrographic analysis conducted on domed mires in Kalimantan, Indonesia by Demchuck and Moore [27] or Dehmer, 1993 [28] has shown significant increases in oxidized plant material near the top of the peat. Moore et al., 1996 [29] , who also examined peat deposit from Kalimantan, found that the high concentration of oxidized material can be generated through fungal mechanism in response to an abnormally fluctuating water table. This mechanism can lead to the formation of inertinite in coal as the peat deposit dies and gets decomposed.
Microlithotype Analysis.
Total vitrite, vitrinertite, clarite, and duroclarite are also high due to the high content of vitrinite (mmf basis), while total inertite ranges from 1% to 2.5% (mmf basis) and there is no liptite in these coals. The Petrographic (microlithotype) analysis of coal samples from the studied stratigraphic section and their microlithotype content (volume %) are shown in Table 4 and Figure 6 .
The microlithotype is dominated by vitrite, vitrinertite, and duroclarite. Liptite is absent and inertite is rarely seen. Duroclarite is the most dominant Trimacerite in these coals. Clarodurite is less abundant in some seams and vitrinertoliptite is very rare, (mmf basis). The details of the various microlithotypes are summarized in Table 4 and Figure 6 , respectively. Vitrite shows the most homogeneous nature under a microscope. Telinite, telovitrinite, and collinite occur in bands more than 50 thick. It comprises two maceralstelinite and collinite; two different types of vitrite can be distinguished, one without visible structure in reflected light and the other showing structure.
It also occurs in hand specimens in the form of bright layers only a few millimeters thick (less than 10 mm) and of limited lateral extent. Inertite is dominated by fusinite, semifusinite, funginite, and inertodetrinite.
Vitrinertite occur the most percentage among bimacerites. Most are rich in vitrinite (vitrinertite V) and sometime vitrinertite I also occurs in lesser amount most frequently. Most of the clarites are liptinite-poor clarites. Most are cutinite-clarite. The liptinite content of clarites does not exceed 10 to 20%. Vitrinite portion is attrinite, ulminite, densinite, and corpohuminite. Most of the liptinite portion is cutinite and sometimes resinite is found in some seams. Durite is very rarely occurred in all coal seams.
Duoclarite occurs 20-60 percent in some seams. Vitenerolipnite also rarely occurred (less than 2%) in one seam and (less than 0.5%) in two seams. Clarodurite occurs in 16.5% in one seam, 6-8.5% in two seams, and less than 2% in all seams. 
Depositional Environment.
Depositional environments have a significant role to play in deciphering the composition and preservation of peat and coals. The maceral compositions, obtained through petrographic analysis, necessarily characterize the paleomires, since they depend on plant as well as the environment. Several researchers [20, [30] [31] [32] [33] [34] [35] have correlated the petrographic components of coal with the paleoecological conditions. Teichmüller, 1989 [22] showed that depositional environment can be assessed through the presence or absence of certain macerals and, thus, maceral indices are useful in order to depict some genetic features of coals. When microlithotype composition of the coals are plotted in a facies diagram (Table 5 and Figure 7) proposed by Marchioni, 1980 [16] , only three seams occur in the forest terrestrial moor and the others are in the wet forest swamp of telmatic zone.
Another facies model which is depositional milieus of peat formation and related microlithotypes of Australian hard coals from Smyth, 1984 [17] , takes into account the microlithotype composition of these coals.
When the microlithotype composition of all seams (Seams 1 to 19) of the studied area are plotted in the diagram, it indicates that most of the seams are in fluvial, four seams represents all the different lithotypes from roof and floor of that seam (Figure 8(b) ). Based on maceral composition and microfacies analysis, Samarinda coals are rich in huminite and poor in liptinite and internite. Microlithotype analysis also shows that most of the coals have high content of vitrite and low content of clarite, durite, inertinite, and intermediates (trimacerite). Facies diagram proposed by Marchioni, 1980 coals contain high duoclarite-V (vitrinite-rich and liptinitepoor) and vitrinertite-V (vitrinite-rich). According to Stach, 1982 [15] , (in Stach's Text Book of Coal Petrology), the vitrinite rich trimacerites, especially the liptinite-poor duoclarite, are most probably deposited in forest swamps and trimacerite with high inertinite content may form under relatively dry depositional conditions or by an alternation of high and low ground water table, due to temporary drainage of the peat surface. Therefore, if the same environment of macerals which prevailed relatively dried condition could be misleading to different environment due to the high content of vitrinertite. Furthermore, brackish water swamps have considerably less organic material and it is not possible to consider Samarinda coal with high huminite as brackish water coal. Therefore, Interpretation of coal depositional milieus of peat formation based on microlithotype composition alone as suggested by Figure 6 is not fitted with the coals which contain high vitrinite.
Mineral matter has also been used to relate the dry and wet conditions of the peat deposition and the rate of subsidence of the basin. Though the mineral matter concentration is low (less than 6 vol.% except around 25 vol.% or less than 25 vol.% in Seams 2, 4, and 10) in the Samarinda coals, yet one model developed by M. P. Singh and P. K. Singh, 1996 [18] , has been used to describe the evolution of these coals in relation to the mineral matter content. The ternary plot (Figure 9 ) supports the earlier contention and indicates that these coals evolved under alternate oxic to anoxic moor condition with intermittent moderate to high flooding. This contention gets support from the evidence of fluctuation in the eustatic sea level during the entire Miocene period which is well documented by Haq et al.,1987 [36] .
Tissue Preservation and Gelification
Index. Diessel, 1986 [19] developed the gelification index (GI) and tissue preservation index (TPI) based on coal facies analysis on Permian coals in Australia, in order to establish a correlation between coal facies indicators and the environment of coal formation. GI is the ratio of gelified and fusinitised macerals whereas TPI emphasises the degree of tissue preservation versus destruction. TPI can be used as a measure of the degree of humification and GI is related to the continuity in moisture availability.
Lamberson et al., 1991 [23] made some modifications on GI and stated that an alternative way to view this index is the inverse of an oxidation index. Those indices were also used and modified to define the depositional environment of coals from different areas and ages (e.g., [26, 37, 38] and many others). Based on the modification by Lamberson et al., 1991 [23] , Amijaya and Littke, 2005 [39] , modified for their studied Tertiary Tanjung Enim low-rank coal from Sumatra as telovitrinite macerals were substituted by their precursors (humotelinite), detrovitrinite by humodetrinite, and gelovitrinite by humocollinite. Fusinite, semifusinite, and funginite are grouped as teloinertinite, whereas macrinite and secretinite are grouped as geloinertinite. The modified formulas used are as follows: TPI = humotelinite + teloinertinite humodetrinite + humocollinite + inertodetrinite + gelo-inertinite GI = huminite + gelo-inertinite inertinite (exclusive of macrinite and secretinite) .
The present study used the modification formula of Amijaya and Littke as Samarinda coals are also low rank and their age is Middle Miocene. Coal facies diagrams for Samarinda coals are illustrated in Figures 8(a) and 8(b) .
Almost all the analyzed coals have a low TPI and high GI. The TPI versus GI plot (Figure 10 ) suggests that Samarinda coals evolved under limnic environment in the limited influx clastic marsh field.
Vegetation and Groundwater Index.
Another method of analysis to evaluate coal depositional environment was proposed by Calder et al., 1991 [3] , for Westphalian coal of Nova Scotia. They suggested a mire paleoenvironment diagram based on a groundwater influence index (GWI) and a vegetation index (VI) expressed as maceral ratios.
The GWI evaluates the intensity of rheotrophic conditions as a ratio of strongly gelified to weakly gelified tissues. The VI is a measure of vegetation type by contrasting the macerals of forest affinity with those of herbaceous and marginal aquatic affinity. Later on, those indices were adapted to assess the development of paleomires in different areas, for example [38, 40] .
Modification was also necessary on Calder's ratios for the purpose of this study. The macerals/submacerals of hard coals were substituted by their low-rank coal counterparts [3] . The ratios are expressed as GWI = gelinite + corpogelinite + mineral matter texo-ulminite + E-ulminite + attrinite + densinite + desmocollinite + tellocollinite VI = texo-ulminite + (eu) ulminite + fusinite + semifusinite + suberinite + resinite attrinite + densinite + inertodetrinite + alginate + liptodetrinite + sporinite + cutinite .
Plots of Samarinda coals are shown in Figures 11(a) and 11(b) . Most of the studied coals lie in the area where both vegetation index and groundwater index values are low. Calder et al., 1991 [3] , proposed the GWI value of 3 as the border, above which the ecosystem is considered to be predominantly limnotelmatic. Most of the studied coal samples have GWI values of less than 0.5, indicating that the paleoenvironment was dominated by limnic conditions. These low values indicate that groundwater ceased to be influential and the mire became solely rain-fed (ombrotrophic).
The interpretation scheme used in Seam 16 Figure 11 (b) suggests that the paleopeat environment shifted mesotrophic to ombrotrophic first and then mesotrophic again. Almost all the studied coal samples have low VI values of less than 1 and most plot in the marginal aquatic/herbaceous vegetation field in the diagram. This fact supports the view that forest vegetation was only a minor precursor of these coal samples according to facies diagram proposed by Calder et al., 1991 [3] .
Discussion
According to the results from the maceral ratio interpretation methods proposed by Diessel, 1986 [19] , and Calder et.al., 1991 [3] , Samarinda coals evolved under limnic environment in the limited influx clastic marsh and the marginal aquatic/herbaceous vegetation.
The term "marsh" is used to identify peatforming areas which were predominantly covered by herbaceous plants [5, 23, 41] . Climate, depositional environment, mire type, and vegetation type dictate peat composition. Tropical lowland peat deposits are often dominated by trees and shrubs according to Polak, 1933 [42] , 1975 [43] ; Merton, 1962 [44] ; Anderson, 1976 [45] , 1983 [46] ; Morley, 1982 [47] ; Frim, 1997 [48] ; Giesen, 1998 [49] ; Phillips and Bustin, 1998 [50] ; Wüst and Bustin, 1999 [51] . The predominantly forested tropical peat-forming environments result in wood-rich peat deposits, unlike most temperate peat deposits, which are often dominated by shrubs, grasses, and bryophytes [52] . Tropical peats are therefore often rich in lignin with only small amounts of hemicellulose, cellulose, protein, and watersoluble compounds [43, 53, 54] , which are lost due to vigorous microbial activity. It is commonly thought that woody peats generally result in bright, vitrain-rich coal [14, page 37] and peat derived from bryophytes or Cyperaceae produce dull coal. Well-humified, inertinite-rich, or gelified organic deposits are thought to result dull coals [14, page 292] .
Many resent studies showed that peats from Malaysia, Indonesia, Irian Jaya, or Thailand have large amounts of woody material (branches, roots, and stumps with bark) and variable quantities of sapric, amorphous matrix. The matrix contains residues and fragments of fungi, bacteria, plankton, sponges, fibres, leaves, roots, cuticles, epidermis, trichomes, spores, and pollen.
Based on the study of recent tropical peat in Indonesia and Malaysia, they are ombrotrophic composed chiefly of wood from swamp forest vegetation and the peat type is hemic to sapric [24, 55, 56] . Moore and Ferm, 1992 [57] , studied coal from Southeastern Kalimantan and stated that Miocene lignite have accumulated from a woody angiosperm flora. Singh et.al., 2010 [58] , studied coal from the Lati Formation, Tarakan basin, East Kalimantan, Indonesia, and found that these coals have originated under telmatic condition and there was predominance of wood derived tissues.
During the Miocene, Indonesia was located in a tropical area [59, 60] . It can be assumed that the climate during Miocene peat deposition was similar to the modern climate in SE Asia today. In general, peat deposits in Indonesia are situated in a zone of annual rainfall exceeding 2.5 m. Even minimum rainfall usually exceeds evapotranspiration in the peatlands leading to ever wet conditions. Only during exceptional long, drought periods that the peat may dry out and sometimes becomes inflammable [61, 62] .
The peat-forming vegetation probably has not much changed since the Miocene [27, 47] . A vegetation model of tropical peat deposits is described by [45, 62] as the succession Advances in Geology is characterized by a change from mixed swamp forest consisting of large trees to thin Shorea albida trees referred to as "pole forest" and then to an "open savanna woodland" vegetation of Pandanus, small shrubs, and thin trees. Some vegetational successions that show a development from topogenous to ombrogenous peat can also be observed within the raised peat deposits in Kalimantan, Indonesia [28, 55, 63] . The high GI, that is, the high huminite/inertinite ratio, is also known to be typical of recent and ancient Indonesian peat and coal deposits [63] [64] [65] . The types of liptinite submacerals in the Samarinda coals are stable liptinite macerals (including, suberinite, sporinite, and resinite) as well as dispersed residues of fusinite and semifusinite (in form of inertodetrinite).
Dehmer, 1995 [63] , studied petrological and organic geochemical investigation of recent peats with known environments of deposition. They calculated for the peat samples from tropical and subtropical regions to see how maceral indices would fare in interpreting their known environments of deposition. Their results have proved to be generally unsuccessful as the herbaceous and woody peats did not always give the predicted high humodetrinite and humotelinite compositions, respectively. Their study showed that care must be taken when using maceral indices as the sole method of interpreting coal facies.
Wüst et.al., 2001 [24] , compared maceral ratios from tropical peatlands with assumptions from coal studies and found that in the modern peat deposits from the Tasek Bera basin, Malaysia, divergent petrographic results occur in similar depositional environment. He also stated that from the time of peat deposition, peat is subject to considerable alteration and during subsequence diagenesis, preservation of structured and strongly altered materials, such as inertinite, gelified material, or funginite, is favoured and results in biased coal maceral compositions because maceral indices in modern peat studies are of little utility in the reconstruction of paleoenvironmental settings. It follows that coal maceral indices should not be utilized in the future to interpret paleodepositional environment of coals.
While working on the coals of South Sumatra basin of Indonesia, Amijaya and Littke, 2005 [39] used TPI and GI indices, but they feel that the related interpretation scheme does not fit to these coals as the indices were initially developed for the Permian coals of Australia. The present study of Samarinda coal advocates the same with Amijaya and Littke, 2005 [39] .
Therefore, the paleoenvironment of Samarinda coals did not evolve under limnic environment in the limited influx clastic marsh environment and marginal aquatic/herbaceous vegetation as illustrated in Figures 9(a) [39] . The GWI and VI diagram of Calder et.al., 1991 [3] , still provided some interesting insight with respect to the ratio of herbaceous to woody material and the intensity of rheotrophic conditions as a ratio of strongly gelified to weakly gelified tissues.
The highly degraded tertiary tropical coals deposited in wet forest swamp and compose of high content of detrohuminite. The higher content of detrovitrinite in these tropical coals may lead to the misinterpretation of paleoenvironment as limnic and marginal/aquatic herbaceous vegetation. The fields for the marginal aquatic/herbaceous and inundated marsh should be removed from this diagram in order to adjust for the highly degraded tertiary tropical coals which were deposited in the forest swamp environment. Therefore, some modification on GWI and VI diagram of Calder et al., 1991 [3] , is made for the Samarinda coals as in Figure 12 in order to implement the peat environment. Therefore, Samarinda coals plot in the highly degraded woody forest field.
Conclusion
The coals in the Samarinda area are of low rank and contain high content of huminite and low contents of inertinite and liptinite. The mineral matter content is relatively low except for Seam 1, Seam 2, Seam 4, and Seam 10 which contain high mineral matter. Samarinda coals are represented by the highly degraded humodetrinite-rich group. Samarinda coals deposited from terrestrial into telmatic condition of peat formation with vegetation characteristics of highly degraded woody forest type evolved under alternate oxic to anoxic moor condition with intermittent moderate to high flooding and the paleopeat environment shifted from mesotrophic to ombrotrophic.
